INTRODUCTION
The reproductive system of the eucestodes contains a single or numerous testes and a single lobed or un-lobed ovary with the connecting oviduct and uterus (Cheng, 1986 and McDougald, 2003) . In most tapeworm species, the male organs mature first. The female reproductive system of Platyhelminthes show great morphological variability with significant differences in anatomical organisation and cell structure by taxonomy (Adiyodia and Adiyodi, 1988) . The reproductive fecundity of cestodes is among the highest of any animal group, a single hermaphroditic individual of many species may produce millions of eggs in a life time; in addition, the eggs produced by tapeworms are very complex, consisting of a larva surrounded by various embryonic envelopes and other protective layers (Ubelaker, 1983 ).
The ovarian tissues and different stages of oocytes development of Polyonchobothrium clarias Woodland, 1925 recovered from the intestine of Clarias gariepinus Burchell, 1822 fish was investigated by transmission electron microscope (TEM). The ovarian follicles are enveloped by compressed epithelial sheath lying on basal layer that shows epithelial projection into the lumen of each follicle. The epithelial sheath filled with glycogen, mitochondria and solitary lipid droplets. The epithelial nuclei are appeared closed to the basal part of the ovarian follicle. Numerous heterogeneous electron dense myelin-like bodies observed within the ovarian cytoplasm they appeared different irregular shaped. Each ovarian follicle contains number of oocytes loosely packed within the follicle at different stages of differentiation developmental stages starting with oogonial cells, primary, secondary and mature oocytes. The Oogonia were undergoing characteristic cytological changes that lead to oocyte maturation. Vitelline material appears in early stages of primary oocytes. Lipid droplets appeared in late stages of secondary oocyte. Mature oocytes are filled with clusters of cortical granules adjacent to the oocyte plasma membrane. Syncytial interstitial tissue and number of myelin-like bodies are observed in the ovarian cytoplasm and they fill the cytoplasmic spaces. The results of the present study were compared with the previous reports in other cestode taxa, to define the ultrastructural observations of the female reproductive tissues for clarification the reproductive fecundity of the parasite.
Studies have shown that the general pattern of oocyte development in parasitic Platyhelminthes revealed that the oogonial cells at the periphery of the ovary divide to form primary oocytes which enlarge to mature cells that fill the interior of the ovary. However it revealed that the main pattern of oogenesis is basically similar in digeneans (Bjorkman and Thorshell, 1964; Gresson, 1964; Holy and Wittrock, 1986; Orido, 1987; Podvyaznaya, 2003) , as well as in mongeneans (Halton et al., 1976 and Tappenden, et al., 1993) and in cestodes (Poddubnaya et al., 2005a; b; Poddubnaya et al., 2007 and Gobashy, 2014) .
Light microscopical studies on tapeworm oogenesis and embryogenesis were accomplished by Douglas (1963) and Rybicka (1966) which revealed that the first meiotic division occurs after the oocytes leaves the ovary and is completed with entry of sperm into the oocyte. Ultrastructural studies of the oogenesis have been carried out revealed the details structures of the ovarian sheath and different stages of oocytes in several orders of cestodes; as in Gyrocotylidea (Poddubnaya et al., 2010) , Caryophyllidea (Davydov et al., 1994; Poddubnaya, 2003b and Poddubnaya, et al. 2003) , Proteocephalidea Korneva, 2001a) , Pseudophyllidea (Korneva, 2002 , Poddubnaya, 2002 and 2003a , Spathebothriidea (Poddubnaya et al., 2005a, b and Poddubnaya et al., 2007) and in Cyclophyllidea Abdel-Moaty, 2011 and Gobashy, 2014) . There are limited ultrastructural data available on the structure of the ovarian tissues and oocyte development of Bothriocephalidea order to which P. clarias belonged.
The process of oogenesis of P. clarias has not been previously detected. In Egypt, recent ultrastructural morphological data available on P. clarias on its body surface using SEM (Ibrahim et al., 2008 and Abdel-Gaber et al., 2016) . The present study was conducted to provide detailed investigation of the ovarian tissue and different stages of the oocytes development of P. clarias using transmission electron microscope, and compare the results of the previous reports in other cestode taxa, to define the ultrastructural observations of the female reproductive tissues for clarification the reproductive fecundity of the parasite.
MATERIALS AND METHODS
Adult specimens of Polyonchobothrium clarias were collected alive from the intestine of naturally infected Clarias gariepinus caught from different Nile derivatives in Al-Qaliobiah province and in some fish farms in Sharqiyah province, Egypt. For transmission electron microscopy (TEM), specimens were rinsed in 0.9 Na Cl solutions and immediately fixed with 2.5% glutaraldehyde in 0.1M phosphate buffer (PH 7.3) for 2h at 4°C, then washed in two changes of sodium cacodylate buffer (pH 7.4) for 15 minutes. Specimens were post-fixed in cold 1% osmium tetroxide (OsO4) for one hour and washed again in sodium-cacodylate buffer. Fixed worms were then dehydrated in ascending series of ethanol, passed in two changes of propylene oxide for 15 minutes each and embedded in epoxy resin (Epon 812). Specimens were placed in gelatine capsules with pure resin and polymerized at 60-80ºC for 24-48 hours. The capsules were cut on LEICA EM UC6 ultra-microtome by glass knives into semi thin sections (1.0 µ thick) for light microscopy, and ultrathin sections (50-200 nm) for electron microscopy. Sections were carried on copper grids and stained by uranyl acetate followed by lead citrate. Ultrathin sections were examined in a Joel -JEM/ 1010 transmission electron microscope at 80 Kv.
RESULTS
Transmission electron micrographs show that oogonial development begins by the formation of oogonia that undergo division to primary oocytes followed by the formation of secondary oocytes which in turn undergo division to mature oocytes. The ovary of P. clarias is lobulated and located in the lateral portion of the mature proglottides. The lumen of the ovary is lined by a thin compressed ovarian epithelial layer that has narrow projections; ovary is composed of ovarian follicles aggregated to each other, each ovarian follicle is enveloped by compressed epithelial sheath lying on the basal layer of ovarian wall that shows epithelial projection into the lumen of follicle (Fig. 1a ). The epithelial sheath filled with glycogen, mitochondria and solitary lipid droplets, where epithelial nuclei are closed to the basal part of the ovarian follicle (Figs.1b-e). The interstitial nuclei are usually located in the peripheral area of the follicle; they appeared round or oval with or without a nucleolus and they consists of significant patches of dispersed electron dense heterochromatin (Figs.1d, e). Numerous heterogeneous electron dense myelin-like bodies (specific types of bodies which are components of the interstitial cytoplasm of the ovary) are observed within the ovarian cytoplasm and have irregular shape ( Fig.1e ). showing. a. Ovarian follicles (ovf), epithelial sheath (es), oocytes (arrows). b. Oogonial cells (og), secondary oocytes (so), mature oocytes (mo), epithelial sheath (es), epithelial projection (ep), oocytes nucleus (arrow), oocytes nucleolus (arrow head), glycogen (gl), mitochondria (m), interstitial nucleus (n), interstitial mitochondria (im). c. Interstitial nuclei (arrow heads), lipid droplet (l), Oogonial cells (og), secondary oocytes (so), mature oocytes (mo), Oogonial mitochondria (arrow) interstitial mitochondria (im). d. enlarged part of interstitial syncytium showing; interstitial mitochondria (im), glycogen (gl), interstitial nucleus (n), lipid droplets (l), heterochromatin (h). e. enlarged part of interstitial syncytium showing; myelin-like bodies (mb), interstitial nucleus (n), lipid droplet (l). Scale bar: 10 µm (a-c, e), 2 µm (d).
Each ovarian follicle contains number of loosely packed oocytes at different stage of differentiation namely oogonial cells, primary, secondary and mature oocytes (Figs. 1b, c) .
Oogonia
Oogonia are often semi oval in shape, having little cytoplasm and a large irregular nucleus that have a prominent nucleolus. The cytoplasm is filled with free ribosomes and contains a few mitochondria situated at periphery of these cells. The oogonial cells are located at periphery of the ovarian follicle (Figs. 1b, c) .
Primary oocytes
Primary oocytes located near the follicular epithelium and they are larger than the oogonia. Each of them has a large nucleus and a well-defined nucleolus. Their nuclei contain opaque patches of chromatin ( Fig. 2a ). The cytoplasm is filled with free ribosomes and granular endoplasmic reticulum (GER). Few mitochondria arranged through the peripheral cytoplasm ( Fig. 2a ). Golgi complex and accumulation of vitelline materials that appeared as electron dense granules were observed in early maturing primary oocytes. During the growth of the oocytes, the number of mitochondria and the volume of the cytoplasm have increased . A single centriole can be observed within the cytoplasm near the nucleus of the mature primary oocytes (Fig. 2d) . Figure 2e shows a nucleic division in those mature cells. 
Secondary oocytes
The cytoplasmic volume of secondary oocytes is larger than that of oogonia and primary oocytes. Each secondary oocyte has a small and spherical nucleus with small prominent nucleolus (Fig. 3a) . Some of secondary oocytes have numerous nucleoli which are localized in the peripheral area of the cytoplasm (Figs. 3b, c) . Golgi complex cisternae, mitochondria and GER have been observed situated throughout the cytoplasm (Fig. 3d) .
Late secondary oocytes are distinguished by large number of mitochondria (Figs. 3b, d) and Golgi complexes which are in the form of short rods (Fig. 3d) or small vacuole-like structures (Figs. 4a-d ) that lie just adjacent to the endoplasmic reticulum and mitochondria ( Figs. 4c and 5a ). c. Golgi complex (GC), three nuclei (n), nucleolus (nu). d. enlarged part of c showing rod-shape Golgi complex (GC), ribosomes (r), granular endoplasmic reticulum (GER), mitochondria (m), cortical granules (cg).
Scale bar: 2 µm (a-c), 500 µm (d).
Accumulation of ovoid, or spherical and membrane bounded heterogeneously electron dense granules (cortical granules) and few oval lipids droplets are located within the peripheral ooplasm adjacent to oocytes membrane (Figs 3d, 4a, c, 5b) . Dense materials resemble early cortical granules form within the vesicular Golgi cisternae (Figs. 3b, 4b) . The vesicles merge and their contents condense producing fully formed vitelline granules (Figs. 4c, d) . Spherical and oval electron-dense lipid droplets occur singly (Fig. 4a ) or in groups (Figs. 5b, c) are appeared within cytoplasm of oocytes. Ribosomes are observed free in the cytoplasm (Fig. 3d) or associated with the endoplasmic reticulum ( Figs. 4d and 5c ). However, the most notable feature of the late secondary oocytes is the appearance of homogeneous spherical electron-dense granules inside small vesicles arising from the Golgi complexes which are observed deeply within the ooplasm (Figs. 3b and 4b ). 
Mature oocytes
They are semi-squared or semi-circled structures located centrally in the ovarian follicles . Each of them contains small eccentric nucleus with welldeveloped nucleolus (Figs. 6a-b, d) , they may be deformed when become in contact with other adjacent cells (Fig. 6e, f) . At this stage, the cytoplasm has clusters of vitelline materials adjacent to the Golgi complex mitochondria, lipids droplets and cortical granules ( Figs. 6a-d) .
The most obvious character in mature oocytes is presence of three types of inclusion bodies in their ooplasm and small spherical or oval electron dense cortical granules which are numerous within the cortical ooplasm (Figs. 6a, e, f) . Few oval lipid droplets could be detected in some cells. Vitelline materials are aggregated as shell globules cluster adjacent the Golgi complex in the interstitial syncytium space near the early stage of mature oocyte (Figs. 6b, c) .
The plasma membrane surface is detached to form lamellar bodies. The presence of these bodies is rarely noticed through the cytoplasm of some of these cells (Figs. 6b, d-e ). In some maturing oocytes the surface of the plasma membrane becomes elevated to form piles of lamellae. These lamellae are thin, long, branched and be made up of a two layers. In some regions of the oocyte; lamellae lie close and parallel to the surface (Fig. 6f) , while in others they are separate and intermixed with similar lamellae of adjacent oocytes (Fig. 6g ). c. enlarged part of b show vitelline materials in clusters (vm) adjacent to Golgi complex (GC), mitochondria (m).
d. eccentric nucleus (n), well-developed nucleolus (nu), vitelline materials in clusters (vm) adjacent to Golgi complex (GC), lamellar bodies (lm). e. deformed oocyte has lamellar bodies (lm), cortical granules (cg), mitochondria (m), vitelline materials (vm).
f. deformed oocyte has lamellar bodies (lm), cortical granules (cg), mitochondria (m). g. enlarged separated lamellar bodies (lm). Scale bar: 2 µm (a, e-g), 500 µm (b-d).
DISCUSSION
The different developmental stages of flatworms' oogenesis starting from oogonial cells, primary and secondary oocytes until reaching the mature oocytes. This is achieved by series of several divisions which distinguish with high activity of these cells (Grant et al., 1977; Holy and Wittrock, 1986; Tappenden et al., 1993; Poddubnaya, 2002; Poddubnaya et al., 2005a and b) .
In the present study the oogonia were undergoing a similar differentiation where the general pattern of oogenesis in adult P. clarias (Bothriocephalidae) is similar to other species in lower cestodes as in spathebothriideans (Poddubnaya et al., 2005a) , caryophyllideans (Poddubnaya et al., 2003) and davaineidians (Taeleb and Ghobashy, 2014) .
The present ultrastructural differences of developing cells of P. clarias during the oogenesis are more obvious than that reported for Killigrewia delafondi (Taeleb and Abdel-Moaty, 2011) and Cotugnia polycantha (Taeleb and Ghobashy, 2014) . In the present study the vitelline materials first appeared in primary oocyte stage, however, they appear in secondary oocytes in Cotugnia polycantha (Taeleb and Ghobashy, 2014) and in mature oocyte in Killigrewia delafondi (Taeleb and Abdel-Moaty, 2011) . The vitelline materials appear in early stage of primary oocytes then increase at late stage of secondary oocytes and the mature oocytes. The aggregation of vitelline materials as shell globules cluster coated by part of cytoplasm and is existed in the interstitial syncytium space near the early stage of mature oocyte could be correlated to the importance of the vitelline material as a source of energy for maturing the oocytes. Conn (1988) reported that vitellocyte vesicles in cyclophyllidean cestodes, whose oocytes lack cortical granules, play a role in fertilization procedures similar to the cortical granules of other animal phyla. Whereas the cortical granules of numerous animal taxa are connected with fertilization process particularly production of a fertilization membrane (Conn, 2000) . And several Cestode species have not cortical granules in the oocytes cytoplasm (Swiderski, 1976; Mokhtar-Maamouri, 1980; Swiderski and Conn, 1999 and Swiderski et al., 2004) .
In the current study lipid droplets are rarely detected except in the secondary and few mature oocytes. As the biosynthesis of lipid depends on the host's fatty acids (Buteau et al., 1971and Nakagawa et al., 1987 and the fatty acid composition of parasite is just similar to that in their direct environment within the host and the host's fatty acids are derived from its food chain (Beach et al., 1975) , it could be concluded that the quantity of lipids in a parasite's tissue is generally host-related, and the presence of lipid droplets in the oocytes considered as an energy reserve.
In the present work the numerous cortical granules particularly in the mature oocytes of P. clarias were observed in the developing oocytes (secondary and mature) near the plasma membrane. The fine structure of these granules are closely resembles that of another spathebothriidean species; Cyathocephalus truncates, Diplocotyle olrikii and Didymobothrium rudolphii. (Poddubnaya et al., 2005a, b and 2007) and Cotugnia polycantha (Taeleb & Ghobashy, 2014) . On the other hand, Spence and Silk (1971) , Erasmus (1973) and Awad and Probert (1990) described the presence of a dense core with a number of outer "lamellae" in cortical granules of some trematodes. This variation in morphology of cortical granules in different worms may indicate variations in chemical composition and little informations about the chemical composition of these granules. According to Guraya (1982) , cortical granules in both invertebrate and vertebrate species are composed of protein and carbohydrates. Anderson (1968) and Boyer (1972) have indicated the presence of proteins and acid or neutral polysaccharides in cortical granules of echinoid and polyclad turbellarians. Anderson (1968) , Halton et al. (1976) and Spot-Ehlers (1991) reported that the structure of cortical granules is useful in phylogenetic studies of Platyhelminthes.
The present observations revealed the syncytial interstitial tissue is existent as epithelial sheath of the ovarian follicles and projection into the lumen of each ovarian follicle. This tissue contains mitochondria, lipid droplets and free ribosomes. Such interstitial cells are supposed to be responsible for the transport of nutrients and energy sources for intercellular exchange (Gresson, 1964; Orido, 1987; Conn, 1993; Swiderski and Xylander, 2000; Poddubnaya, 2003a; Poddubnaya et al., 2005a; Poddubnaya et al., 2007 and Conn et al., 2009 ). This tissue contain mitochondria, lipid droplets, free ribosomes and myelin like bodies, also these tissue processes may be have vitelline material and large accumulation of light or moderately electron dense homogeneous materials (Taeleb and Ghobashy, 2014) .
The present study revealed a number of myelin like bodies appearing through the cytoplasm of ovarian interstitial tissues in different irregular shapes, this is resemble to that reported in Killigrewia delafondi, and Didymobothrium Rudolphii Abdel-Moaty, 2011 and Poddubnaya et al., 2007) and in Cotugnia polycantha (Taeleb & Ghobashy, 2014) . Where Poddubnaya et al. (2007) noticed these structures in mature oocytes and concluded that the importance of these structures as source of energy and they are considered as heterogeneous lysosomal variation.
In the present study the surface covering of maturing oocytes of P. clarias is prolonged into lamellae resembling that of Diplocotyle olrikii (Poddubnaya et al., 2005b) , while the surfaces of the maturing oocytes of Cyathocephalus truncates and Didymobothrium rudolphii. (Poddubnaya et al., 2005a and 2007) do not have a pronounced lamellar surface. Our opinion is agreed with Poddubnaya et al. (2005b) suggestion that this prolongation increasing the oocyte transport surface for receiving nutrients from the interstitial syncytial cytoplasm.
CONCLUSION
Adult P. clarias Woodland, 1925 was recovered from the intestine of the fish Clarias gariepinus, Burchell, 1822, from different localities; fresh water system in Egypt; in Al-Qaliobiah province and in some fish farms in Sharqiyah province. The fine structure of the ovary and oogenesis process is described. The oocytes undergo characteristic cytological changes that lead to oocyte maturation. Vitelline material appears in early stages of primary oocytes. Lipid droplets appeared in late stages of secondary oocyte. Mature oocytes are filled with clusters of cortical granules adjacent to the oocyte plasma membrane. Syncytial interstitial tissue and a number of myelinlike bodies are observed in the ovarian cytoplasm and they fill the cytoplasmic spaces.
